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RESEARCE MEMORANDUM

COMPARISON OF IGNITION DELAYS OF SEVERAL PROPELLANT COMBINATIONS
OBTAINED WITH MODIFIED OFEN~CUP AND SMALL-SCALE ROCKET
ENGINE AFPARATUS

By Dezso J. Ladanyi and Riley 0. Miller

SUMMARY

Ignition delays of several propellent combinatlions obteined with a
modified open-cup apparsatus and with a smsll-scale rocket engine of
approximately 50-pounds thrust were compared to study any correlastions
that might exist between the two methods of ignition-delay determination.
The results were used In determining the relative utllity of each appara-
tus.

The comparison ,showed that the results were generally similar for
the same propellant combinations at the same operating conditions as
long as the propellant viscoslties were low enough to produce no signi-
ficant effect on ignition delay. Because of this concurrence, results
from the rapid-testing, open-cup epparatus can be considered sufficiently
religble in the determinstion of the sultability of a propellant combina-
tion with respect to lgnition delay without further checking in the
small-scale engine unless the propellant viscosity is a controlling fac-
tor. The smgll-scale engine apparatus, however, has utility in the stuldy
of the effects on ignition delay of initial ambient pressure, combustion-
chamber configuration, and other factors not amenable for investigation
with the open-cup spparatus.

INTRODUCTION

An important consideration In the selection of a rocket-engine
propellant combination is ignition delay as influenced by parameters
such as temperature, ambient pressure, and oxidant-to-fuel welight ratio.
Ignition delays have been measured sgtisfactorily by several methods
that can be grouped into three basic categories: (l) open-cup, in which
one propellant is Introduced into the bulk of the second propellant con-
tained in a partially enclosed vessel; (2) impinging jet, in which
streams of the two propellants meet in unenclosed space or upon some
unenclosed third body; and (3) rocket engine, in which means are pro-
vided for ignition-delsy measurement under practical operating conditions.
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Many of these methods yield results that are reproducible Insofar as

each Individual apparatus is concerned; however, compariscns made among

various apparatus reveal that deta obtained from the same propellant ) .
combinations under the same operating conditions may be very similer or

widely varient.

Direct comparisons between any two particular apparatus ususlly can-
not be made because ignition-delay investigations with the same pro-
pellants and operating conditions often do not exist. In an effort to
alleviate this situation and to make an over-gll appraisal of-this
country's ignition-delay apparatus to determine whether a standardized .
method of ignition-delay measurenient could or should be proposed, the- i
Naval Alr Rocket Test Station submitted control propellant combinations
to several laboratories with certaln specified operating varisbles. The
NACA Lewis laboratory 1s one of the cooperating activities; the results
obtained with its two ignition-~delay apparstus are presented herein.
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A modified open-cup apparatus (refs. 1 and 2) and & smsll-scale
rocket engine of approximately 50-pounds thrust (ref. 3) were used in
these experiments. The control propellant combinations were hydrazine
and white fuming nitric acid, hydrazine and hydrogen peroxide, and mixed
butyl mercaeptans and white fuming nitric acid. The tests were conducted . S
from room tempersture toc the low-temperature limit of ignitibility. -
With the small-scale engine apparatus, additional tests were made at
subatmospheric pressures and at various fuel-to-oxlidant welght ratios.

A comparlson of-these two sels of results as well as a comparison
of previously published datsa obtained with the modifled open-cup eppara-
tus (refs. 1 and 2) and the small-scale rocket engine (refs. 3 and 4)
was made and is reported herein.

APPARATUS AND PROCEDURE
Modified Open-Cup Apparatus

The modified open-cup apparatus, shown in figure 1, consists of-a
test-tube reaction vessel into which a small amount of oxidant i1s intro-
duced. A sealed glass ampule contailning the fuel is immersed in the
oxldaent. The temperature of the propellants is regulated by a constant-
temperature bath surrounding the test tube. The propellants are mixed
when g falling weight hlts a steel rod which, in turn, crushes the
ampule., Simultanecusly, time-measuring instruments are actuated. The e
end of the lgnition-delay interval, indlcated by the commencement of a
continually persistent flame, 1s sutomatically recorded by these instru-
ments. The apparatus 1s described in detail in references 1 and 2,
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Small-Scale Rocket Engine Apparatus

For most of the experiments wilth the small-scale rocket engine
apperatus, the unit (fig. 2) consisted of a transparent-sided engine of
approximately 50-pounds thrust, propellant tanks, a gas-pressure-supply
reservolr, g constant-temperature bath for regulating propellant tem-
perature, a large 1500-cublc-foot altitude tank for obtaining low pres-
sures, and a high-speed camera to record the action in the combustion
chamber. When a fast-acting solenoid valve was opened, pressurized
helium contained in the reservolr burst sealing disks at each end of
the propellant tanks and forced the propellants from their tenks through
injector nozzles and into the combustion chamber. Photographs were
taken of the two propellant streams entering the combustion chamber,
impinging, diffusing, and then igniting. Measurements of the ignition-
delay period were mede from the photographic data. The apparatus and
the operating procedure are described in detail in reference 3.

For some of the rums, it was necessary to make s few changes in the
apparatus and its operation. In the hydrazine - hydrogen peroxide
series, modifications in the apparatus and the test prepargtions were
made to avoid total enclosure of the hydrogen peroxide and to prevent
hazardous diffusion of fuel and oxidant vepors. This was accomplished
by elimineting the upper inlet disks in the propellant tanks and by
installing a valve in the branch of the helium-pressure-supply line
Jeading to the fuel tank. This valve was kept closed until a few sec-
onds before a run was made. In this manner, the hydrogen peroxide tank
was constantly vented to the atmosphere through the helium-controlled,
quick-opening solenoid valve while, at the same time, Intermingling of
fuel and oxldant vapors was prevented.

In one run, a copper combustion chamber identical in size and shape
to the conventional transparent polymeric methyl methacrylate chamber
was used in an effort to contain the force of an expected explosion.

For the same reason, a close-fitting l/é-inch-thick steel cylinder with
two 1- by l-inch diametrically placed observation windows was installed
over the plastic combustion chamber in several other runs.

The necessary fuel-to-oxidant weight ratios were obtalned by varying
the hole diameters of the propellant injectors. A propellant injection
pressure of 800 pounds per square inch gage (the safe limlt for the
existing aspparatus) was used in all the tests.

Propellants

The two control fuels and two control oxidants used in these experi-
ments were furnished by the Naval Alr Rocket Test Statlion. These pro-
pellants were utilized in three combinations: hydrazine - white fuming
nitric acid, hydrazine - hydrogen peroxide, and mixed butyl mercaptans -

white fuming nltric acid.
Y



4 T NACA RM E53D03

RESULTS
Modified Open-Cup Apperatus .

A summary of the data obtained with the modified open-cup apparatus
is shown in tsgble I.

Hydrazine and white fuming nitric acid. - With hydrazine and white
fuming nitric acid, two runs were mede at sbout 68° F with a fuel~to-
oxidant welght ratio F/O of 0.84. After a relatively long delasy of
gbout 58 mllliseconds in each case, ignition occurred snd was accompanied
by & very destructive explosion (see fig. 3). Further tests with this
propellent combinatlion were then cancelled.
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Hydrazine and hydrogen peroxlde. - Two runs were made with hydrazine
and hydrogen peroxide. At 660 F and an F/O of 0.64, a delay of
11 milliseconds was obtained. At 34° F and the same F/O, the delay
decreased tc 8 milliseconds. This decrease is unusual since i1gnition
delays ordlnarily, but—not always, increase with decressing temperature.
Each run was accompenied by an explosion, the intenslty increasing with
a decrease in temperature.

Mixed butyl mercaptans and white fuming nitric acid. - Twelve runs n
were maede with mixed Eﬁtyl mercaptans and white fuming nitric acid. An
F/O of 0.30 was used in each case. The ignition delay increased with
a decrease in temperature, ranging from an average of about 55 milli- -
seconds at 71° F to 110 milliseconds or infinity (no ignition) at -12 F.
In four trials, no ignition was obtained at -37° F. A nondestructive
explosion accompanied each ignition.

Small~-Scale Rocket Engine Appsaratus

A summary of the data -obtained from.35 runs wlth the small-scale
engine apparatus is shown in table II.

Hydrazine and white fuming nitric acid. - In the hydrazine - white—
fuming nitric acid series, a total of 12 runs was made with one resulting
in an explosion. ZExcept for the laiter, the ignition delay of all meas-
ureble runs was 5.5 + 1.5 milliseconds. These runs were conducted at
temperatures of 72° and 36° F, initial ambient pressures of 760 and
50 millimeters of mercury, eand F/O from 0.5 to 1.l. For the runs at
low initial smbient pressures, the average delasys were sllightly longer
than for those at sea~level pressure. Except for the tests at an F/O
of 1.1, all runs resulted in "hard starts" as indicsted audibly and by
the high-speed motlon-picture records. The run that was terminated by
an explosion {run 188) had a delay of 8.4 milliseconds. This is in
accord with other small-scele engine tests which indicated that ignition
deleys for runs resulting in explosions are usually longer than for
normel runs at the seme conditions (ref. 3).
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Hydrazine and hydrogen peroxide. - In the hydrazine -~ hydrogen
peroxide serles, some preliminery experiments were made to determine the
effect of hydrogen peroxide on the polymeric methyl methacrylate used in
the fabrication of the combustion chamber. These experiments were deemed
desirgble since contact of concentrated hydrogen peroxide with most
organic substances usually results in very active reactions. A labora-
tory test and a similated run with only the hydrogen peroxide entering
the combustion chamber (run 208) demonstrated the plastic to be inert
to hydrogen peroxide at room temperature and pressure., The only result
was g superficial efching of the smooth surfaces of the material,

Of nine actual runs, the first seven were terminsted by explosions.
In each case, the damage was not too great, being confined mainly to a
shattered combustion chamber. The widely variant ignition delays ranged
from 2.3 to 33.5 milliseconds and could not be correlated successfully
with either temperabture, initiasl ambient pressure, or F/O. This variance
has been found to be characteristic of runs resulting in explosions
(ref. 3). The test temperatures were 72° and 36° ¥, the initial ambient
pressures were 760 and epproximately 50 millimeters of mercury, and the
values of F/O were between 0.5 and 0.8.

Since an "explosion" might be considered as a "hard start" with suf-
ficient Intensity to destroy the combustion chamber end to do other
damage, an effort was made to prevent the destruction of the chamber by
substituting a copper cylinder for the conventional plastic one. A run
was made at 72° F, sea-level pressure, and an F/O of 0.65 to determine
if the high initiasl transient pressures could be contained (run 217).
Upon its success, another run was made at the same conditions to obtain
photographic data (run 218). In thils run, a close-fitting steel cylinder
with windows was placed over the plastic chamber in an effort to contain
the expected explosion. Although a hard start was obtained, the run was
satisfactory and yielded a short delay of only 4 milliseconds. The con-
ditions of the run were severe enough to create a crack in the exhsust
nozzle and to reduce a portion of the plastic combustion chamber to
approximately one-half of its original thickness; because of these
mechanical difficulties, no additional runs were attempted.

Mixed butyl mercaptanse end white fuming nitric acid. - In the mixed
butyl mercaptans - white fuming nitric =zcid series, a total of 13 runs
were made with 5 resulting in explosions. With the exception of two
runs that resulted in doubtful ignitions (runs 199 and 201), the delay
of gll the measured runs at room temperature and pressure and at F/O
from 0.2 to 0.4 was 38 + 4 milliseconds. Each one had a hard start.

All the remaining runs at reduced temperatures and pressures were bermi-
nated by explosions. The average lgnition delay for runs at room tem-
pereture and 50 millimeters of mercury was 84 milliseconds. Two runs
were made at -36° F and sea-level pressure. After long deleys of at
least 400 milliseconds, both runs resulted in destructive explosions
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even though one of them (run 219) utilized the steel shield over the
combustion chamber. The damage created by the detonation of run 219 is
shown in figure 4. This run demonstrated the usefulness of an unmodified
plastic combustion chamber as a "fuse" in the apparatus. The shattering
of the chamber before excessive pressures are reached acts as s relief
valve and is a means for reducing the extent—of damage caused by an
explosion.

DISCUSSION
Comparison of Experimental Data
The results of the ignitlion delay experiments in the two apparatus
are compared in Table ITTY. Values of ignition delay for the two

apparatus compare favorably for all comblnations except two: hydrazine -
white fuming nitric acid, and mixed butyl mercaptans - white fuming nitric

acid at =400 F. For the latter combination, the delays obtalned with both

epperatus were greater than 60 milliseconds, which is outslde the range of
practical interest for engine starting. No explanatlon for the difference
in the results for the hydrazine - white fuming nltric acid combination
has been found. .

On. the basis of a delay value of 60 milliseconds as an arbitrarily
selected upper limit for satlsfactory ignition, the two apparatus agree
in selection or reJjection of fuels tested.

Comparison of Published Data

To substantiate the view that the twa apparatus agree on selection
or rejection of fuels on the basis of ignition delay, additional data
for other propellant combinations (refs. 1 to 4) obtained with both
apparatus have been compared. Since the methods of mixing the propel-
lants in the two apparatus differ and since viscosity of the flulds
influences this mixing, the data were grouped according to propellant
viscosities.

The propellants with viscositles of 20 centistokes or less are
shown in table IV. Agreement of actual ignition-delay values in the
group of propellants with short ignition delays was very good, with
4 milliseconds being the greatest observed difference. As before,
there was considerable difference in the values for ignition delays

CRIZ
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greater than 60 milliseconds; however, the two apparatus still agree
on selection or rejection of fuels if a delay of about 60 miiliseconds
is assumed to be the upper limit for satisfactory ignition.

Only one set of comparetive data is availgble in which a propellant
viscosity exceeded 20 centistokes. It had been obtained at several tem-
peratures below -76° F with a fuel mixture of orthotoluidine and tri-
ethylemine (3:7 by volume) and a low-freezing-point red fuming nitric
acld (refs. 2 and 4). In these data, an apparent effect of viscosity
on lgnition delay wes cobserved with the open-cup spparatus, but not with
the small-scale engine. These relations are shown in the following

teble:

Temperature, | Approximate Aversge ignition delsy,
OoF fuel millisec
viscosity,
centistokes |Modified open-cup | Small-scale engine
68 1 19 15
-40 6 24 25
-76 20 38 28
~87 34 47 29
-89 40 75 29
=95 58 100 30
=103 110 167 -

Below -76° F, the open-cup ignition delays, as well as the fuel vis-
cosities, increased rapidly with decreasing temperature. In this same
region, however, there was only a slight increase in the small-scale
engine ignition-delsy values.

An apparent effect of viscosity on ignition delsy alsc has been
observed with the small-scale engine apparatus (ref. 4), but not until
the viscosity reached about 200 centlstokes.

An explanation for the effect of viscosity on the ignition delay in
The two apparatus probably is that the total mixing is not &s rapid nor
as efflicient in the open-cup as in the small-scale engine. With
propellants of low viscosity, the differences in mixing raepidity and
efficiency should be slight. With propellents of high viscosity, the
difference in the mixing and, consequently in the ignition delay,
should become apprecisble.
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Because of the disproportionate viscosity effects in the two appara-
tus, 1t may be concluded that results with the same propellants atthe
same conditions will vary when the viscosity of a propellant—is above
sbout 20 centistokes, with the degree of variation depending on the uag-
nitude of the viscosity.

CONCLUDING REMARKS

The modified open-cup apparatus is suitable and convenient-as a
method for screening propellant combinations with delays in the range
of interest {below 60 milliseconds) and for determining the effect of
low temperature on ignition delay, provided the viscosity is not greater
than about 20 centistokes. The small-scalé englne apparatus is less
convenlent to use but is more versatile than the open-cup apparatus in
that the effect on ignition delay of initial amblent pressure, combustion-
chember geometry, propellant flow rates, and oxidant to-fuel ratios can
also be determined. In addition, the apparatus is less sensitive to
changes in viscosity of the propellants.

SUMMARY OF RESULTS

Ignition-delay determinations of several fuels and oxidants were
made at various temperatures utilizing a modified open-cup spparatus and
at various temperatures and pressures using a small-scale rocket engine
of approximately 50-pounds thrust. The results of these experiments are
summarized as follows: o - :

l. With hydrazine and white fuming nitric acid in the modified open-
cup apparatus, the average ignition delay was 58 milliseconds at room
tempersture. An explosion accompanied each ignition. With the same
propellant combinatlion in the small-scale rocket engine, the ignition
delay at various temperstures, initiasl smbient pressures, and fuel-to-
oxident weight ratios was 5.5 & 1.5 milliseconds except for one run that
was termineted by en explosion. ' '

2. With hydrazine and hydrogen peroxide in the modifled open-cup
epparatus, the ignition delays were 11 and 8 milliseconds for tempera-
tures of 66° and 34° F, respectively. Each run was termihated by en
explosion. With the same fuel and oxident in the smsll-scale rocket
engine, the widely variant ignition delays ranged from 9 to 34 miili-
seconds and could not be correlated successfully with elther temperature,
pressure, or fuel-to-oxldant weight ratio. All these runs were made with
plastic combustion chembers and were terminated by explosions. A run
made with a reinforced chamber to contain ‘the explosion ylelded a short
delay of 4 milliseconds.

:.2793
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3. With mixed butyl mercaptans and white fuming nitric acid in the
modified open-cup apparatus, the ignition delays (ebout 55 millisec at
71° F) increased with decreasing tempersture until no ignition could be
obtained st -37° F. A nondestructive explosion accompanied each igni-
tion. In the smgll-scale rocket engine, the ignition delay of all meas-
ured runs (except two that resulted in doubtful ignitions) at room tem-
perature and pressure, and gt various fuel-to-oxidasnt weight ratios wes
38 + 4 milliseconds. All runs at reduced temperabures and pressures were
terminated by explosions.

4, A comparison of these and previously published deta cbtained with
the two ignition-delay apparatus was slso made and is summarized as
follows:

a., With one exception, whenever ignition delays of satisfactory
length were obtained in one apparatus for a propellant combination at a
particular temperature, simller results were obtained in the other
sppaeratus provided that the propellant viscosities were low enough (less
than approximately 20 centistokes) to have no significant effect on
ignition delsy in eilther sapparstus.

b. The one exceptlon to the previous result was the hydrazine -
white fuming nitric acid combination at room temperature. Although
satisfactory delays were obtained with both apparatus, the average open-
cup delsy was 10 times greater than the average smell-scale engine delay.

¢. The effects of propellant viscosity (greater than approximately
20 centistokes) on ignition delay in the two apparatus were dispro-
portionate with the degree of verlation depending on the megnitude of
the viscosity.

d. The two gpparatus concurred in identifying propellant combina-
tions with ordinarily unsatisfactory ignition properties, thet is, no
ignition or delsys very much longer then 60 milliseconds, as long as the
propellant viscosities were less than gbout 20 centistokes.

Lewls Flight Propulsion Laboratory
Nationel Advisory Committee for Aeronautics
Cleveland, Ohio, March 18, 1953



10

Miller, Riley O.:
Several Rocket

\ NACA RM ES3DO3

REFERENCES

Low-Temperature Ignition-Delay Characteristics of
Fuels with Mixed Acid in Mcodified Open-Cup-Type

Apparatus. NACA RM E50H16, 1850.

Miller, Riley O.:

Ignition-Delsy Charscteristics in Modified Open-

Cup Apparatus of Several Fuels with Nitric Acld Oxidants within
Temperature Range 70° to -105° F. NACA RM E51J11, 1951.

Ladanyi, Dezso J.

+ Ignition Delsy Experiments with Small-Scale Rocket

Engine at Simulated Altitude Conditions Using Various Fuels with
Nitric Acid Oxidants. NACA RM E51J01, 1952,

Ladanyi, Dezso J.
Applications,

¢t Orthotoluldine and Triethylamine in Rocket Engine
NACA RM E52K19, 1953.

2793



2793

« CG~-3 back

NACA RM ES3D0O3

TABIE I. - SUMMARY OF DATA OBTATNRED WITH MODIFIED

OPEN-CUP APPARATUS

Propellant [ Fuel Oxidant Ignition |Fuel-
temperature,| quantity,| quantity, delsay, oxidant
Op ml ml millisec |weight
retio
Hydrazine and white fuming nitric acid
68.9 2.0 1.6 a57 0.84
66.2 2.0 1.6 859 .84
Hydrazine and hydrogen peroxide
66.2 1.9 2.1 411 0.64
33.8 1.9 2.1 ag .84
Mixed butyl mercaptans and white fuming nitric acid
70.7 1.4 2.6 b5z 0.30
70.7 1.4 2.6 bs7 .30
37.4 1.4 2.6 b,cg3 .30
37.4 1.4 2.6 b,e70 .30
35.8 1.4 2.6 b,cgs .30
-1.3 1.4 2.6 b;e110 .30
-1.3 1.4 2.6 No ignition| .30
-1.3 1l.4 2.6 No ignition «30
=37.3 l.4 2.6 No ignition «30
=37.3 1.4 2.6 No 1gnition 30
=37.3 1.4 2.6 No ignition «30
~37.3 1.4 2.6 No ignition «30

aDestructive explosion accompanied ignition.
bNondestructive explosion.
CDate from electronic counter only,

SRR
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TABLE ITI. - COMPARTSON OF RESULTS OBTATNED WITH MODIFIED OFEN-CUP AND SMAIL-SCATE ROCKET ENGINE AFPARATUS FOR

CONTROL FROPELLART COMBIFATICHS

Fuel

Oxidaent

Approxi=

mate fuel

viscosity,
centi-
stokes

Approxi-
mate
oxldent
viscoeity,
centi-
atokes

Approxi-
mwate fuel
oxident
welght
ratlo

Approxi-
mate
Initial
anbient
pressurs,
mn Eg

Approxi-

mate tem-
perature,
oF

Averege lgnition delay,
millisec

Open cup

Small englne

Propellant combinations with short ignition delays at indicated operating conditions (<60 millisec)

Hydrazine | White fuming 1 1 0.80 760 70 b5 6
nitric acidd®
Hydrazine Hydrogen peroxide 1 1 .65 760 70 by1 b5
Hydrazine Hydrogen peraxide 2 L .85 760 35 bg b1g
Mixed butyl | White fuming 1 1 30 780 72 e55 33
merceptans nitric acidh®
Propellant combination with long ignition delays &t indiceted operating conditions (*60 millieec)
Mixed butyl | White fuming 1 2 0.30 760 -37 No igni- P>400
mercaptans nltric acid® tion

8conteins 2 percent water by weight.

structive explosion occurred.

CIgnition sccompanied by nondestructive explosion.

.

2odesT WE VOVH
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TARLE IV. - COMPARTSON OF PREVIOUSLY HMIBLISHEED RESULTS COBTAINED WITH MODIFIED OFER~CUF AND SMALL-SCALE ROCEET

ENGINE APPARATUS AT APPROXTMATELY SEA-LEVEL. PRESSURE

[Propellsnt viscosity £20 centistokes |

Fuel Oxidant Approxi- Approxi- Approxi- | Average ignition delsy,
mate fuel | mate mate tem- millisec
viscoelty,| oxidant perature,

centi- viacosity, OF Open cup | fmall engine
gtokes centi-
stokesn
Propellant combinations with short ignition delays at indiceted temperstures (<60 millisec)
Mixed xylidines - triethylamine®| Anhydrous nitric acid 18 2 -40 3 35
Mixed xylidines - triethylemine®| White fuming nitric acidb 18 2 ~40 a2 C42
Diallylaniline - triethylamine® | Anhydroue pitric acid 6 2 ~40 17 13
Diallylaniline - triethylamine® | White fuming nitric a.c&db -] 2 -40) 20 17
Diallylaniline - triethylsmine® | Red fuming nitric acid 6 & ~40 28 30
Orthotoluidine - triethylamine® | Red fuming nitric acid® 20 & ~40 27 25
Orthotoluidine - triethy Red fuming nitrie acid® 1 1 66 19 15
Orthotoluldine - triettwlaminef Red fuming nitric acid® 6 6 ~40 24 25

Propellant combimations with long ignition delays at indicated temperatures (>60 millisec)

Mixed xylidines - triethylemine® | White fuming nitric acld® 18 3 -40 114 Cy23
Hydrazine hydrate White fuming nitric acidP 20 2 -40 No igni- 131
tlon

aplend of 1:1 by volume.

beontains 2 percent water by weight.,
Chestructive explosion occurred.

Acontains 3.5 percent water and 15 percent nitrogen dioxide by weight.

$6L2

8Comtaine 3 percent water and 19 percemt nitrogen dloxide by welght.
fBlend of 3:7 by volume,
EContaine 7 percent water by welght,

~JAG,

¥1
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NACA RM ES3DO03

Sup—— 15

Camera-
oscillograph
it Electrically
Insulated welght
Trigger pin
Electronic
timer umit
Gulde tube
Electronic relay, amplifier,
and modulator system Flame shield

Microphone (for camera

ﬁ '—\\ Temperature-

control

AN

osoillograph)—\
valve

Photoelsctric plckup

unita (for oscillograph
and timer, respectlively)——

Flgure

)
777
7777 0l
| A5 |

LI B4

U |

Fuel in
ampule Thermometex

(a) Diagrammetic sketch.

l., - Modified open-cup ignitlon-delay apperatus.
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L NACA RM ES3D03

Miorophone {for camera
oscillograph)

otolectric pickup unit eoay Coolant lines o8

?for electronic timer Padr e T

(b) Photograph of assembly.

Figure 1, - Conoluded, Modified open~-cup igniticn-delay apparatus.
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NACA RM E53D03

Helium supply reservolr

Constant-
temperature
bat

Oxident tank
Impinging
propellant
Jets

Transparent cambustion chemb
Nozzle plate

Quick -
] opentss
valve
Bursgt
disksm
Fuel tank
High~
m' speed
; | Injector camera
plate

Varieble~pressure
rocket exheust
receiver

altitude tank

To 1500~-cubic-fooli

(a) Diagrammatic sketch.

~ A

CD-2444

Figure 2. - Small-scale rocket engine ignition-delay apparatus.

I
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Helium-pressure-supply reservolr

Constant-temperature~
bath thermocoupls z

=

!

]
-\ Ampient-air
’,l thermocouple
[

uz//
., Rocket engine -

Juick-opening valve oo

Ba . ound 1ight

reflecto -
ST asaembly

A, High-speed
Yalve in line-to;*';- oameres
sltitude tank

Hoat ORN
,exohangers
A 3
-/
‘ \ . s

{b) Photograph of assembly,

Figure 2. ~ Concluded. Small-scale rocket engine ignition-delay apperatus,
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Figure 3. - Results of explosion accompanyling ignition of hydrazine end white fuming nitric
acld in modified open-cup apparatus.
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tus after explosion of mixed butyl mer-
~36° F and sea-level preasure (run 219).

Figure 4. ~ Small-scale rocket engine appera
captans and white fuming nitric acid at
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